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Tliis listing of claims will replace all prior versions, and listings, of claims in the application: 
Listing df CInims : 
Claims l-9(Cancctcd) 

Claim 10 (Currently amended): The apparatus of claim 9 31, wherein th€ reflector layer has a 
thickness in the range of about 3 to about 30 natiometcre, 

Claim 1 1 (Canceled) 

Claim 12 (Currently amended>. The apparatus of claim +4-25, wherein the light source is a laser 
configured for emitting the transmitted light as collimated light. 

Clairn 13 (Currently amended): The apparatus of claim 12, wherein the transmitted light has a 
wavelength of about 850 nanometers and an intensity selected from tlie range of about I to about 
3 micro Wa:tts. 

Claim 14 (Withdrawn): An apparatus for use in measuring diffusible hydrogen concentrations in 
a selectable portion of a structure* comprising: 

a housing having a first opening adapted for being operatively and selectively 
connected to a selected portion of the structure, whereby hydrogen evolving from the 
selected portion is captured within the housing; and 

a hydrogen sensor mounted in the housing so as to be exposed to the captured 
evolving hydrogen from the selected portion, wherein the hydrogen sensor comprises 
material that changes optical properties based on concentration of the captured evolving 
hydrogen. 

Claim 15 (Withdrawn): The apparatus of claim 14, wherein the housing defines a sample area 
on the selected portion of the structure and defines a sample volume adjacent the hydrogen 
sensor wherein the captured evolving hydrogen is sealably contained, and wherein the diffusible 
hydrogen concentrations of the selected portion of the structutie are measurable based on the 
sample area» the sample volume, and the changes in the optica! properties of the hydrogen 
sensor. 

Claim 16 (Withdrawn): Tlie apparatus of claim 15^ further including an optical fiber for 
directing light to and away from the hydrogen sensor, the optical fiber being mounted within the 
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housing with a first end adjacent the hydrogen sensor and a second end proximal to a second 
opening of the housing. 

Claim 17 (Withdrawn): The apparatus of claim 16, further including a reflector mounted in the 
housti^g adjacent the first opening and interposed between the hydrogen sensor and the sample 
vokimc, wherein the reflector comprises a material that adsorbs and releases molecular hydrogen 
and that reflects light. 

Claim 1 8 (Withdrawn): The apparatus of claim 1 7, further including a hydrogen monitoring 
assembly operably connected to the second end of the optical fiber and adapted for transmitting 
light to the second end of the optical fiber, for receiving a portion of the transmitted light that 
passes through (he hydrogen sensor and is reflected by the reflector, and for detennining a 
diffusible hydrogen concentration of the selected portion of the structure based on the received 
portion of the transmitted light. 

Claim 19 (Currently amended): A method for measuring a difPusible hydrogen concentration in 
an object, comprising; 

selecting a portion of the object from which to obtain a diffusible hydrogen 
concentration measurement; 

sealably mounting a hydrogen sensor assembly on the selected portion of the object, 
die sensor assembly including a housing that defines a sample area on the selected 
portion from which hydrogen is allowed to evolve and a pre determined sample volume in 
which the evolving hydrogen is captured, wherein the sensor assembly further includes a 
hydrogen sensor comprising a hydrogen-rcactivcy chcmochromatic material mounted 
within the housing adjacent the sample volume; 

allowing the hydrogen sensor to react with the captured evolving hydrogen for a 
pr e d e t e rm i n e d sample time; 



aaidsam-ple timc: fttt4 

correlatin g sai d change via a predetermined rclationshb b etween the physical 
property measured and concentration ^ofhyd rof yen to obtain a rate of change of h:^d rQggn 
in the sample volume duringjhe sample period, which corresponds_to_hydroggn 
difFusivitv rate from .the_o.b.iect: and 



'1 I'^e^xEn: 

measuring an Amount j ghange i n a physical property of the hydrogen sensor over 
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caloulatin g determining the diffusible hydrogen concentration in the selected 
portfon of the object based on the measured amount of change in the physical property of 
the hydrogen sensor by correlating ihe rate of change of hydrogen in the samp^le.yoluTnc 
via a nredeterm mcd relationship between rate of change of hydrpgen in the sample 
vohime to.diffijsibic hvdrog en _cQncentration in the object . 

Claim 20 (Currently amended): The method of claim 1 9, wherein the pTodctorr nined sample 
time is aol acted from tho in a range of 10 to 30 minutes. 

Claim 21 (Currently amended): The method of claim 19, wherein the selected portion is a 
welded joint, and further including prior lo the moimting. waiting a coohng time period and 
uaing the cokiulat e d diffusible hydrogon conc e ntrotion and thc - ceo ^ ing tim e p e riod to dctcrm i no 
dctcrrninin g an initial diffusible hydrogen concentration in the selected portion by multiplying 
the hydrog en diffusivitv rate times b v the lime since the initial weld process was completed. 

Claim 22 (Original): The method of claim 19, wherein the physical property is optical 
transmissiviiy of the hydrogen sensor and the sensor assembly further includes a reflector 
positioned within the housing so as to be interposed between the sample vohime and the 
hydrogen sensor, the reflector being configured for reflecting light passing through the hydrogen 
sensor back through the hydrogen sensor. 

Claim 23 (Original): The method of claim 22, farther including operatively connecting a 
reflectance monitoring device including a light source and a light signal detector to the sensor 
assembly^ and wherein the measuring includes operating the reflectance monitoring device to 
transmit a light signal from the light source to the hydrogen sensor and to receive a reflected 
portion of the light signal with the light signal detector. 

Claim 24 (Original): The method of claim 23, linlher including connecting a signal analyzer to 
the light signal detector for receiving a signal from the light signal detector based on the received 
reflected portion^ and wherein the calculating of the diffusible hydrogen concentration is 
completed in part by operating the signal analyzer to compare the signal from the light signal 
detector and the transmitted light signal from the light source. 
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ClaiTTi 25 (Original): The method of claim 19, further iticluding coHbrating the hydrogen sensor 
assembly to create cafibratmg information, and wherein the calculating of the diffusible 
hydrogen concentration is based on the calibrating information. 

Claim 26 (Original): The method of claim 26, the calibrating being completed prior to the 
mounting of the hydrogen sensor assembly based on measurements of the sample area and the 
sample volume and based on collected calibration testing information. 

Claim 27 (Original): The method of claim 26^ the calibrating being completed after the 
mounting of the hydrogen sensor on the object and including injecting a selected amount of 
hydrogen into the sample volume, allowing the selected amount of hydrogen to react with the 
hydrogen sensor for a predetermined calibration time, and measuring the amount of change in 
the physical property of the hydrogen sensor. 

Claim 28 (New): Diffusible hydrogen sensor apparatus for detecting hydrogen diffusing from a 
solid metal obrject comprising; 

a sensor housing with a sealing member attached thereto disposed to surround a 
leal< proof predetermined sample area of an object to be measured; 

the sensor housing having a predetermined sample volume within the housing 
adjacent to the sample area to define a leak proof sample chamber enclosing the object to 
be measured; 

a hydrogen sensor mounted in the sensor housing with a sealed connection to the 
leak proof sample chamber; 

the hydTxigcn sensor further comprising a layer of hydrogen-reactive 
chemochromic material in communication with the leak proof sample chamber, 

a light source optically connected to the sensor housing to transmit light to the 
hydrogen sensor whcrem the properties of light reflected from the layer of hydrogen- 
reactive chemochroTtiic natcrial varies as a function of hydrogen concentrBtioti in the 
leak proof sample chamber; and 

a detector and signal analyzer connected to the sensor housing for receiving the 
reflected light from the layer of hydrogen-reactive chemochromic material wherein the 
reflected light is detected and analyzed by the signal analyzer to coirclate the variations 
in the light input to a quantity of hydrogen in the predetermined sample volume and to 
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then correlate such a calculated quantity of hydrogen to a diffusible hydrogen 
concentration in the leak proof predetermined sample area of the object to be measured 
wherein the physical properties of the chamber are used to calculate the quantity of 
hydrogen present. 

Claim 29 (New): The apparatus of claim 28 wherein the chemochromic materiat being selected 
from a group consisting of transition metal oxide, tiwgsten trioxidc, molybdenum trioxide, 
yttriunn dihydride, rare earth dihydridc, or lanthanum dihydride, 

Claim 30 (New); The apparatus of claim 29, wherein a reflective layer of catalytic material is 
added to the chemochromic material that adsorbs molecular hydrogen^ converts the molecular 
hydrogen to atomic hydrogen, and release the atomic hydrogen into the hydrogen reactive 
chemochromic layer. 

Claim 31 (New): The apparatus of claim 30 wherein the reflective layer of catalytic material is 
selected from a group consisting of palladium or platinum. 

Claim 32 (New): The apparatus of claim 13> wherein the light source produces light anywhere in 
a bandwidth range ^om white light to single wavelength infrared. 

Claim 33 (New): A method fOT measuring a diffusible hydrogen concentration in an object 

comprised of a type of material, comprising: 

selecting a portion of the object from which to obtain a difftjsible hydrogen 
concentration measurement; 

sealabty mounting a hydrogen sensor assembly on the selected portion of the object, 
the sensor assembly including a leak proof sample chamber that defines a sample area on 
the selected portion from which hydrogen is allowed to evolve into a predetermined 
sample volume in which tiie evolving hydrogen is captured, wherein the sensor assembly 
further includes a hydrogen sensor comprising a hydrogen-rcactivCj chemochromatic 
material mounted within the housing adjacent the sample in communication with the leak 
proof sample chamber^ 
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transmitting a light input to (he hydrogen s^isor wherein the propetties of light 
after bdtig transmitted through the layer of hydrogen-reactive chcTnochromic matenal 
varies as a ftmction of hydrogen concentration in the leak proof sample chamber: 

detecting the light after it i.s transmitted through the layer of hydrogen-reactive 
chemochromic material for a sampling time period; 

analyzing the detected light to correlate change m the detected Hghl during the 
sampling time period to a rate of change in volume of hydrogen in the predetermined 
sample volume based on a predetermined calibration that correlates changes in the light 
detected to rates of change in volume of hydrogen for the prcdctcnnined sample volume; 
and 

correlating the rate of change in the volume of hydrogen to a diffusible hydrogen 
concentration in the sample area of the object based on a predetermined relationship 
between rates of change in the volume of hydrogen to diffiLsible hydrogen concentration 
in said type of material. 
Claim 34 (New) Tlie method of claim 33 whereby the chemochromic material being selected 
from a group consisting of transition metal oxide, tungsten trioxide, molybdenum trioxide^ 
yttrium di hydride, rare earth dihydride» or lanthanum dihydride^ 

Claim 35 (New) The method of claim 34 whereby reflective layer of catalytic material is added 
to the chemochromic material that adsorbs molecular hydrogen, converts the molecular hydrogen 
to atomic hydrogen, and release the atomic hydrogen into the hydrogen reactive chemochromic 
layer. 

Claim 36 (New): The method of claim 35 whereby the reflective layer of catalytic material is 
selected from a group consisting of palladium or platinum. 

Claim 37 (New): The method of claim 33 whereby the light input produces light anywhere in a 
bandwidth range from white light to single wavelength infrared. 

Claim 3S (New): The method of claim 19, wherein the predetermined relationship between the 
changes in detected light and rates of change in volume of hydrogen is predetermined 
empirically by measuring the light after it is transmitted through tfie layer of hydrogen-reactive 
chemochromic material for each of a phirality of samples with known hydrogen concentrations 
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to estabitsb a curve that quantifies the measured light versus hydrogen concCTitration^ calculating 
the volumes of hydrogen in the prcdctcnnincd sample volume for a plurality of hydrogen 
concentrations, correlating the measurements of light for the plurality of sattn)lcs with knovsm 
hydrogen concentrations to the volumes of hydrogen in the predetermined sample volume for the 
plurality of hydrogen concentrations to create a direct relationship between the measurements of 
light Emd volumes of hydrogen and between rates of change of the light to rates of change of 
hydrogen volume. 

Claim 39 (Mew): The method of claim 1 9* wherein the predetermined relationship between rate 
of change of hydrogen volume to diffusible hydrogen concentration in said type of material is 
predetermined empirically by determining rate of change of hydrogen volume for each of a 
plurality of samples of said type of matenal having known diffusible hydrogen concentrations to 
establish a curve that quantifies rates of change of hydrogen volume versus diffu;nble hydrogen 
concentrations in objects. 
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